生物教育実験のための市販キノコ・ダイレクトPCR法 by 青木 駿介 & 西矢 芳昭
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ᦤ༡኱Ꮫ⼥ྜ⛉Ꮫ◊✲ᡤㄽᩥ㞟ࠊ➨ ᕳ➨ ྕࠊ◊✲ㄽᩥ
⏕≀ᩍ⫱ᐇ㦂ࡢࡓࡵࡢᕷ㈍࢟ࣀࢥ࣭ࢲ࢖ࣞࢡࢺ 3&5 ἲ
 A Direct PCR Method from Commercially Available Mushrooms  
for Experimental Teaching 

㟷ᮌ㥴௓ ᦤ༡኱Ꮫ⌮ᕤᏛ㒊 ⏕࿨⛉Ꮫ⛉
    㸦⌧ ୸ᮏ㓇㐀ᰴᘧ఍♫㸧
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
Abstract
A direct polymerase chain reaction (PCR) method from fruitbody tissues of commercially 
available mushrooms was developed for experimental teaching. This method was combined 
with easy sampling of a mushroom and using KOD FX Neo as DNA polymerase. From four 
mushroom species, Enokitake (Flammulina velutipes), Bunashimeji (Hypsizygus 
marmoreus), Maitake (Grifola frondosa), and Mushroom (Agaricus bisporus), the ribosomal 
DNA fragments amplified by the direct PCR could be detected at the expected size by 
agarose gel electrophoresis. Especially, Maitake was most suitable as a teaching material for 
simple manipulation. The amplified DNAs were verified by sequencing, and were identified 
by database search. High school students learn by this teaching method which deepens their 
understanding of PCR techniques, microorganisms, and bioinformatics. 

࣮࣮࢟࣡ࢻ ࢲ࢖ࣞࢡࢺ 3&5㸪࢟ࣀࢥ㸪⏕≀ᩍ⫱㸪ᩍᮦ㸪㧗ᰯ
Keywords㸸direct PCR, mushroom, biological education, teaching material, high 
school 

㸯ࡣࡌࡵ࡟
 ⏕≀ࡀᣢࡘ '1$ ࡢ≉ᐃࡢ㑇ఏᏊࡢࡳࢆቑᖜࡍࡿ 3&5 ἲ㸦3RO\PHUDVH&KDLQ5HDFWLRQ࣏࣓ࣜࣛ
࣮ࢮ㐃㙐཯ᛂἲ㸧ࡣࠊࣂ࢖࢜ࢸࢡࣀࣟࢪ࣮ࡢᇶᮏᢏ⾡࡛࠶ࡾࠊࡍ࡛࡟་⒪ࡸ㣗ရศᯒࠊ≢⨥ᤚᰝ
࡞࡝ࡢศ㔝࡛ୡ⏺ⓗ࡟ᗈࡃά⏝ࡉࢀ࡚࠸ࡿࠋ኱Ꮫࡸබⓗᶵ㛵ࠊ௻ᴗ࡞࡝ࡢ◊✲㒊㛛࡛ࡣ 3&5 ἲ
ࡀࡈࡃᬑ㏻࡟⾜ࢃࢀࠊ௻ᴗࡢศᯒ㒊㛛ࡸရ㉁⟶⌮㒊㛛࡞࡝࡛ࡶ฼⏝ࡉࢀ࡚࠸ࡿࠋᛂ⏝ࢆ㋃ࡲ࠼
ࡓᡭᢏ࡜ࡋ࡚ࡢ 3&5 ἲࡢ⌮ゎࡣࠊ኱Ꮫ⏕ࡣࡶࡕࢁࢇࡢࡇ࡜㧗ᰯ⏕࡛ࡶ༑ศ࡟ᙺ❧ࡘ࡜ᛮࢃࢀࡿࠋ
㧗ᰯ⏕≀ࡢᩍ⛉᭩࡟ࡣࠊ3&5 ἲࡢཎ⌮࠾ࡼࡧලయⓗ࡞ᐇ㦂᪉ἲࡀヲ⣽࡟グ㍕ࡉࢀ࡚࠸ࡿࠋ౛࠼
                                                  
1࠙ཎ✏ཷ௜ࠚ2016ᖺ 7᭶ 20᪥࠙ࠊ ᥖ㍕Ỵᐃࠚ2016ᖺ 9᭶ 27᪥ 
2࠙୺ⴭ⪅㐃⤡ඛࠚす▮ ⰾ᫛   ᦤ༡኱Ꮫࠊᩍᤵ  e-mail: nishiya@lif.setsunan.ac.jp     
ࠛ572-8508 ኱㜰ᗓᐷᒇᕝᕷụ⏣୰⏫ 17-8ࠊᦤ༡኱Ꮫ⌮ᕤᏛ㒊 ⏕࿨⛉Ꮫ⛉ 
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
ࡤࠊ➨୍Ꮫ⩦♫ࡢࠕ㧗➼Ꮫᰯ⏕≀ࠖ࡟ࡣࠊඖ࡜࡞ࡿ '1$ࠊேᕤⓗ࡟ྜᡂࡋࡓࣉࣛ࢖࣐࣮ࠊዲ⇕⳦
࠿ࡽ༢㞳ࡉࢀࡓ '1$ ྜᡂ㓝⣲㸦'1$ ࣏࣓࣮ࣜࣛࢮ㸧ࠊ✀㢮ࡢࢾࢡࣞ࢜ࢳࢻ࡞࡝ࢆຍ࠼ࡓΰྜᾮࢆ
 ᗘࢧ࢖ࢡࣝ࡟࠿ࡅࡿࡇ࡜࡛ࠊ⌮ㄽⓗ࡟ࡣ  ࢧ࢖ࢡ࡛ࣝ  ୓ಸࢆ㉸࠼ࡿቑᖜࡀぢࡽࢀࡿ࡜グ㍕
ࡉࢀ࡚࠸ࡿࠋࡋ࠿ࡋ࡞ࡀࡽࠊ3&5 ἲࡢᛂ⏝ࢆ⌮ゎࡍࡿࡓࡵࡢ⡆౽࡞ᐇ㦂ᩍᮦࡀஈࡋ࠸ࠋࡲࡎࠊඖ
࡜࡞ࡿ '1$ ࢆᚓࡿࡓࡵ࡟⏕≀ࢧࣥࣉࣝࡢ⢊○ࡸ '1$ ᢳฟ࡞࡝ࡀᚲせ࡛ࠊᡭ㛫࡜᫬㛫ࡀ࠿࠿ࡿࠋࡉ
ࡽ࡟඲ᐇ㦂᫬㛫ࡶ㛗ࡃ࡞ࡾࠊ኱ࡁ࡞ึᮇᢞ㈨ࡀᚲせ࡞ࡇ࡜࡞࡝ᩍ⫱ᐇ㦂ἲ࡜ࡋ࡚ࡢㄢ㢟ࡀከ࠸ࠋ
୍᪉ࠊ3&5 ἲࡢᛂ⏝࡜ࡋ࡚ࠊඖ࡜࡞ࡿ '1$ ࢆ౑ࢃࡎ⏕≀ࡑࡢࡶࡢࢆ⏝࠸ࡿࠊ࠸ࢃࡺࡿࢲ࢖ࣞࢡ
ࢺ 3&5 ἲࡶᬑཬࡋ࡚࠸ࡿࠋࢲ࢖ࣞࢡࢺ 3&5 ࡛ࡣඖ࡜࡞ࡿ '1$ ࢆᚓࡿࡓࡵࡢฎ⌮ࡀ୙せ࡞ࡓࡵࠊ㑇
ఏᏊቑᖜᐇ㦂ࡀᴟࡵ࡚⡆౽࡟࡞ࡿ㸦ᅗ 㸧ࠋࢲ࢖ࣞࢡࢺ 3&5 ἲ࡟౪ࡍࡿࢧࣥࣉࣝ࡜ࡋ࡚ࡣࠊ㑇ఏᏊ
⤌᥮࠼኱⭠⳦ࢆࡣࡌࡵ࡜ࡍࡿ㑇ఏᏊ⤌᥮࠼ᚤ⏕≀ࡸ⑓ཎᛶᚤ⏕≀࡞࡝ࡀ୺࡟౑ࢃࢀ࡚࠸ࡿࠋࡇ
ࢀࡽࡢࢧࣥࣉࣝࡣࠊ ᗘࢧ࢖ࢡࣝࡢ᭱ึ࡛⣽⬊ࡀቯࢀ '1$ ࡀ₃ฟࡍࡿࡓࡵࠊඖ࡜࡞ࡿ '1$ ࡣ୙せ
࡛࠶ࡿࠋ⣽⳦ࡸ⳦㢮࡞࡝ࡢᚤ⏕≀ࡣⓎ㓝ࡸ⭉ᩋ࡞࡝ࣄࢺ࡜ࡢ㛵ࢃࡾࡀ῝ࡃࠊᩍ⫱ᑐ㇟࡜ࡋ࡚ࡣᴟ
ࡵ࡚㔜せ࡛࠶ࡿࠋࡋ࠿ࡋࠊಶయࡀᑠࡉࡃྲྀࡾᢅ࠸ࡢᑓ㛛ᛶࡀ㧗࠸ࡓࡵࠊ㧗ᰯ⏕≀ࡢᩍᮦ࡟ࡣ࡯࡜
ࢇ࡝౑ࢃࢀ࡚࠸࡞࠸ࠋࢃࢀࢃࢀࡣࠊ3&5 ἲࡢᛂ⏝ࢆ⌮ゎࡍࡿࡓࡵࡢ⡆౽࡞ᩍ⫱ᐇ㦂࡜ࡋ࡚ࠊධᡭ
ࡋࡸࡍ࠸ᚤ⏕≀ࢆࢧࣥࣉࣝ࡜ࡋࡓࢲ࢖ࣞࢡࢺ 3&5 ἲࡀ㐺ࡋ࡚࠸ࡿ࡜⪃࠼ࡓࠋ
࢟ࣀࢥࡣ┿᰾⏕≀ࡢ⳦㢮࡟ᒓࡋࠊࡑࡢᵓ㐀ࡣ࢝ࣅ࡜ྠࡌࡃ⳦⣒࠿ࡽᡂࡗ࡚࠾ࡾࠊศ㢮ୖ࢝ࣅࡸ
㓝ẕ࡜༊ูࡉࢀ࡞࠸ࠋ࢟ࣀࢥࡣ┠࡟ぢ࠼ࡿᚤ⏕≀࡛㌟㏆࡟Ꮡᅾࡍࡿ࡜ඹ࡟ࠊ㣗ᮦ࡞ࡢ࡛ධᡭࡋࡸ
ࡍࡃ✀㢮ࡶ㇏ᐩ࡞ࡓࡵࠊᐇ㦂ᩍᮦ࡜ࡋ࡚㑅ᢥࡋࡓࠋࡓࡔࡋࠊࡇࢀࡲ࡛࢟ࣀࢥࡢࢲ࢖ࣞࢡࢺ 3&5 ἲ
ࡣሗ࿌ࡉࢀ࡚࠾ࡽࡎࠊ࢟ࣀࢥࡢᙉᅛ࡞⣽⬊ቨࢆቯࡋෆ㒊ࡢ '1$ ࢆᨺฟࡉࡏࡿࡓࡵ࡟ࡣఱࡽ࠿ࡢ๓
ฎ⌮ࡀᚲせ࡜⪃࠼ࡽࢀ࡚࠸ࡓࠋࢃࢀࢃࢀࡣࠊ࢟ࣀࢥ࠿ࡽࡢࢧࣥࣉࣝྲྀᚓࡸ㐺ษ࡞ 3&5 ⏝ヨ⸆
ࡢ㑅ᐃࠊ࠾ࡼࡧ 3&5 ᮲௳᳨ウ࡞࡝ࢆ⾜࠸ࠊᕷ㈍ࡢ࢟ࣀࢥࢆᑐ㇟࡜ࡋࡓᩍ⫱ᐇ㦂⏝ࢲ࢖ࣞࢡࢺ 3&5
ἲࢆタᐃࡋࡓࠋࡑࡋ࡚ࠊᚤ⏕≀ࢆ⌮ゎࡍࡿࡓࡵࡢ࢟ࣀࢥࡢほᐹ࡜ 3&5 ࡟ࡼࡿ㑇ఏᏊቑᖜ࠾ࡼࡧ᳨
ฟ࠿ࡽ࡞ࡿᩍ⫱ᐇ㦂ࣇ࣮ࣟࢆసᡂࡋࡓࡢ࡛ࠊሗ࿌ࡍࡿࠋ


ᅗ㸯 ྛ✀ 3&5 ἲࡢẚ㍑

㸰ᐇ㦂ᮦᩱ࠾ࡼࡧ᪉ἲ
ྛ✀࢟ࣀࢥࡣࢫ࣮ࣃ࣮࡟࡚㉎ධࡋࡓࠋᕷ㈍࢟ࣀࢥࡢほᐹ࡟ࡣࠊ఩┦ᕪ㢧ᚤ㙾㸦ࢽࢥࣥ㸪ᮾி㸧
࠾ࡼࡧࢫ࣐࣮ࢺࣇ࢛ࣥ㢧ᚤ㙾㸦ࢸ࣮ࣛ࣋ࢫ㸪ᒸᓮ㸧ࢆ⏝࠸ࡓࠋᇵ㣴ࡣࠊ<0 ᐮኳᇵᆅ࡟࡚⾜ࡗࡓࠋ
ࢲ࢖ࣞࢡࢺ 3&5 ࡟౪ࡍࡿ࢟ࣀࢥᑠ∦ࡣ࢖࢚࣮ࣟࢳࢵࣉ࡛᥇ྲྀࡋࠊࢩࣜࣥࢪ࡟࡚ 3&5 ⏝ΰྜᾮࢆ࠶
ඖ䛸䛺䜛DNA䛾ㄪ〇
䠄⏕≀䛾DNAᢳฟ䠅
䠬䠟䠮ἲ
䝉䝭䝎䜲䝺䜽䝖䠬䠟䠮ἲ
䝎䜲䝺䜽䝖䠬䠟䠮ἲ
 ᗘ䝃䜲䜽䝹䛻䜘䜛
DNAቑᖜ
ቑᖜDNA䛾᳨ฟ
䠄㟁ẼὋື䠅
 ᗘ䝃䜲䜽䝹䛻䜘䜛
DNAቑᖜ
 ᗘ䝃䜲䜽䝹䛻䜘䜛
DNAቑᖜ
ඖ䛸䛺䜛DNA䛾ㄪ〇
䠄⏕≀䛾๓ฎ⌮䠅
⏕≀䛭䛾䜒䛾
ቑᖜDNA䛾᳨ฟ
䠄㟁ẼὋື䠅
ቑᖜDNA䛾᳨ฟ
䠄㟁ẼὋື䠅
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
ࡽ࠿ࡌࡵศὀࡋ࡚࠾࠸ࡓࢳ࣮ࣗࣈ࡟ῧຍࡋࡓࠋΰྜᾮෆ࡟඲࡚ࡢ࢟ࣀࢥᑠ∦ࡀධࡗ࡚࠸ࡿࡇ࡜ࢆ
☜ㄆࡋࠊࢧ࣮࣐ࣝࢧ࢖ࢡ࣮ࣛ࡟ࢳ࣮ࣗࣈࢆࢭࢵࢺࡋ࡚ ᗘࢧ࢖ࢡࣝ࡟ࡼࡿ 3&5 ཯ᛂࢆᐇ᪋ࡋࡓࠋ
3&5 ᐇ㦂ࡢ '1$ ࣏࣓࣮ࣜࣛࢮࡣࠊᖖ⏝ࡉࢀࡿ 7DTSRO\PHUDVH㸦࣍ࢵࢺࢫࢱ࣮ࢺ⏝㸪1HZ(QJODQG
%LRODEV㸪86$㸧࠾ࡼࡧ .2');1HR㸦ᮾὒ⣳㸪኱㜰㸧ࢆ౑⏝ࡋࡓࠋࡑࡢ௚ࡢヨ⸆ࡣࠊࢼ࢝ࣛ࢖ࢸ
ࢫࢡ㸦ி㒔㸧࠾ࡼࡧඵὪ⸆ရ㸦኱㜰㸧ࡼࡾ㉎ධࡋࡓࠋ3&5 ⏝ΰྜᾮࡣྛ࣓࣮࣮࢝ࡢࣉࣟࢺࢥ࣮ࣝ
࡟ᚑ࠸సᡂࡋࠊࢳ࣮ࣗࣈ࠶ࡓࡾ 㹼ȣ/ ศὀࡋࡓࠋᑐ㇟࡜ࡍࡿ㑇ఏᏊቑᖜ㡿ᇦࡣࠊ⳦㢮ࡢ✀ࡢ
ྠᐃ࡟⏝࠸ࡽࢀࡿࣜ࣎ࢯ࣮࣒ 51$ 㑇ఏᏊୖࡢ '' 㡿ᇦ⣙ NES ࡢ '1$㸦ᅗ 㸧ࢆ㑅ᐃࡋࠊᑐᛂ
ࡍࡿྜᡂࣉࣛ࢖࣐࣮ࡣ 1/ ࡜ 1/㸦ࡑࢀࡒࢀࡢ '1$ 㓄ิࡣ௨ୗࡢ㏻ࡾ㸧ࢆ౑⏝ࡋࡓࠋ
1/ʼ*&$7$7&$$7$$*&**$**$$$$ʼ
1/ʼ**7&&*7*777&$$*$&**ʼ 
 
 
ᅗ㸰 ࢟ࣀࢥࡢࣜ࣎ࢯ࣮࣒ 51$ 㑇ఏᏊ࡜ቑᖜ㡿ᇦ

  ᗘࢧ࢖ࢡࣝࡣࠊࢧ࣮࣐ࣝࢧ࢖ࢡ࣮ࣛ㸦ࢱ࢝ࣛࣂ࢖࢜㸪ⲡὠ㸧ࢆ౑⏝ࡋ࡚ࠊྛ '1$ ࣏࣓࣮ࣜࣛ
ࢮࡢᶆ‽ࣉࣟࢺࢥࣝ࡟ᇶ࡙ࡃ᮲௳㸦ᅗ 㸧࡛⾜ࡗࡓࠋ
 3&5 ཯ᛂ⤊஢ᚋࠊቑᖜ '1$ ࡢ᳨ฟࡣ࢔࣮࢞ࣟࢫࢤࣝ㟁ẼὋື࡟࡚⾜࠸ࠊ'1$ ᳨ฟⰍ⣲ࡣࢭ࣮ࣇࢸ
࢕࣮ࢲ࢖㸦ࢼࢳࣗࣛࣝ࢖࣒ࢽࢸ࢕㸪ᮾி㸧ࢆ౑⏝ࡋࡓࠋࡉࡽ࡟ࠊቑᖜ '1$ ࡣ 1XFOHR6SLQp*HODQG
3&5&OHDQXS㸦ࢱ࢝ࣛࣂ࢖࢜㸧ࢆ⏝࠸࡚⢭〇ࡋࠊࢩ࣮ࢣࣥࢩࣥࢢ࡟ࡼࡾሷᇶ㓄ิࢆ☜ㄆࡋࡓࠋ


ᅗ㸱 ྛ '1$ ࣏࣓࣮ࣜࣛࢮࢆ౑⏝ࡋࡓ 3&5 ᮲௳

㸱⤖ᯝ࠾ࡼࡧ⪃ᐹ
࢟ࣀࢥ࣭ࢲ࢖ࣞࢡࢺ 3&5 ἲࡢ㛤Ⓨ
 ᕷ㈍࢟ࣀࢥࡢࢲ࢖ࣞࢡࢺ 3&5 ἲࢆタᐃࡍࡿ࡟࠶ࡓࡾࠊ୺࡟  ࡘࡢㄢ㢟ࡀ᝿ᐃࡉࢀࡓࠋ ࡘࡣࠊ
 ᗘࢧ࢖ࢡࣝ᭱ึࡢ 3UHGHQDWXUH ࡟࡚◳㉁࡞࢟ࣀࢥ⣽⬊ࡀቯࢀ '1$ ࡀ₃ฟࡏࡡࡤ࡞ࡽ࡞࠸ࠋඛ⾜
ᩥ⊩࡛ࡣࠊ࢟ࣀࢥࡢ 3&5 ࡣᑡ࡞ࡃ࡜ࡶࢭ࣑ࢲ࢖ࣞࢡࢺ 3&5㸦ඖ࡜࡞ࡿ '1$ ࢆᚓࡿࡓࡵ࡟ࢧࣥࣉࣝ
࡟๓ฎ⌮ࢆ᪋ࡍ㸪ᅗ  ཧ↷㸧࡛࡞࠸࡜㞴ࡋ࠸࡜ࡢሗ࿌࡛࠶ࡗࡓࠋࡶ࠺  ࡘࡣࠊ࢟ࣀࢥ⣽⬊ᡂศ
18S 5.
8S 28S 5S
։
։
䠠䠍
䠠䠎
NL-1
NL-4
[Taq polymerase]
Pre-denature 95oC 30 sec
Denature 95oC 15 sec
Annealing 55oC 30 sec    30 cycles
Extension 68oC 30 sec
Final extension 68oC 5 min
[KOD FX Neo]
Pre-denature 94oC 2 min
Denature 98oC 10 sec              
Annealing 55oC 30 sec              30 cycles
Extension 68oC 30 or 60 sec
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
ࡸ௜╔≀㉁࡞࡝࡟ࡼࡿ 3&5 ཯ᛂ㜼ᐖ࡛࠶ࡿࠋ཯ᛂ㜼ᐖࢆ⪃៖ࡋ࡚ࠊ㏻ᖖࡢࢲ࢖ࣞࢡࢺ 3&5 ࡛ࡣ┠
࡟ぢ࠼ࡿ࡯࡝ࡢࢧࣥࣉࣝࡣ౑ࢃ࡞࠸ࠋࡋ࠿ࡋࠊᩍ⫱ᐇ㦂ἲ࡜ࡋ࡚ࡣ┠ど࡛ࡁࡿࢧࣥࣉࣝࡢῧຍࡀ
ᮃࡲࡋ࠸ࠋ
 ලయⓗ࡞ࢲ࢖ࣞࢡࢺ 3&5 ᐇ㦂ࡢᡭ㡰ࢆ᳨ウࡋࠊࣁࣥࢻࣜࣥࢢ࡜ỗ⏝ᛶࡢⅬ࡛௨ୗࡢ᧯సࢆ᥇⏝
ࡋࡓࠋࡲࡎࠊ࢖࢚࣮ࣟࢳࢵࣉࢆ࢟ࣀࢥ࡟✺ࡁ่ࡍࡇ࡜࡛ࢳࢵࣉඛ➃࡟┠ど࡛ࡁࡿ⛬ᗘ㸦࠾ࡼࡑ 
PP㸧ࡢ࢟ࣀࢥᑠ∦ࢆワࡵࡓࠋḟ࡟ࠊࢳ࣮ࣗࣈ࡟ศὀࡋࡓ 3&5 ⏝ΰྜᾮෆ࡬ࢩࣜࣥࢪࢆ౑ࡗ࡚࢟ࣀ
ࢥᑠ∦ࢆῧຍࡋࠊ3&5 ཯ᛂࢆᐇ᪋ࡋࡓ㸦ᅗ 㸧ࠋ


ᅗ㸲 ࢲ࢖ࣞࢡࢺ 3&5 ᐇ㦂ࡢᡭ㡰


ᅗ㸳 ࢲ࢖ࣞࢡࢺ 3&5 ࡢ㟁ẼὋື⤖ᯝ $7DTSRO\PHUDVH㸪%.2');1HR ձղ㸸࢚ࣀ࢟ࢱࢣ㸪
ճմ㸸ࣈࢼࢩ࣓ࢪ㸪յն㸸ࢩ࢖ࢱࢣ㸪շո㸸࢚ࣜࣥࢠ㸪չպ㸸ࢼ࣓ࢥ㸪ջռ㸸࣐࢖ࢱࢣ㸪սվ㸸
ࣄࣛࢱࢣ㸪տր㸸࣐ࢵࢩ࣮࣒ࣗࣝ㸪0㸸ศᏊ㔞࣐࣮࣮࢝㸦ES ࣛࢲ࣮㸧

ǭȎǳݱ༾
Ʒ੔ӕ
੔ӕƞǕƨ
ǭȎǳݱ༾
ǷȪȳǸư
ǭȎǳݱ༾
Ǜชь
ชьƞǕƨ
ǭȎǳݱ༾
᳊Ჽ᳌
ǢǬȭȸǹǲȫ
ᩓൢපѣ
䐟 䐠䐡 䐢 䐣 䐤 䐥䐦 M   䐧䐨 䐩 䐪 䐫 䐬䐭 䐮
䐟 䐠䐡 䐢 䐣 䐤 䐥䐦 M   䐧䐨 䐩 䐪 䐫 䐬䐭 䐮
(A)
(B)
- 14 -
             


 

3&5 ࡢᛂ⏝ศ㔝࡟࠾࠸࡚ᖖ⏝ࡉࢀࡿ 7DTSRO\PHUDVH ࢆ⏝࠸ࡓሙྜࠊ࠸ࡎࢀࡢᕷ㈍࢟ࣀࢥࢆ⏝࠸
࡚ࡶࢲ࢖ࣞࢡࢺ 3&5 ࡣᡂຌࡋ࡞࠿ࡗࡓ㸦ᅗ 㸧ࠋ୍᪉ࠊᇶ♏◊✲⏝㏵࡛౑⏝ࡉࢀࡿ .2');1HR ࢆ
⏝࠸ࡓሙྜ࡛ࡣࠊタᐃࡋࡓ᧯స࡟࡚ ✀ࡢᕷ㈍࢟ࣀࢥ୰ ✀㸦࢚ࣀ࢟ࢱࢣ㸪ࣈࢼࢩ࣓ࢪ㸪࣐࢖ࢱ
ࢣ㸪࣐ࢵࢩ࣮࣒ࣗࣝ㸧࡟࠾࠸࡚ࢲ࢖ࣞࢡࢺ 3&5 ࡀᡂຌࡋ㸦ᅗ 㸧ࠊࡑࡢ⤖ᯝࢆ ෌⌧ࡍࡿࡇ࡜ࡀ
☜ㄆ࡛ࡁࡓࠋ≉࡟ࠊ࢟ࣀࢥᑠ∦ࢆ᥇ྲྀࡍࡿ㝿ࡢᐜ᫆ࡉ㸦࢟ࣀࢥࡢᰂࡽ࠿ࡉ㸧࠿ࡽ࣐࢖ࢱࢣࡀᩍᮦ
࡜ࡋ࡚ࡶࡗ࡜ࡶඃ⚽࡛ࠊḟ࠸࡛࢚ࣀ࢟ࢱࢣࡀඃࢀ࡚࠸ࡓࠋ
௨ୖࡼࡾࠊ࢟ࣀࢥࡢࢲ࢖ࣞࢡࢺ 3&5 ἲ࡟ࡣ .2');1HR ࡢ౑⏝ࡀ㐺ࡋ࡚࠾ࡾࠊ3&5 ཯ᛂ㜼ᐖࡀぢ
ࡽࢀࡎࠊ([WHQVLRQ ᫬㛫 㹼 ⛊࡛ቑᖜ࡟ᕪ␗ࡣ࡞࠿ࡗࡓࠋ୍᪉ࠊ7DTSRO\PHUDVH ࡣࢲ࢖ࣞࢡࢺ
3&5 ࡟ࡣ୙ྥࡁࡔࡗࡓࡀࠊ㏻ᖖࡢ 3&5 ࡛࠶ࢀࡤ '' 㡿ᇦࢆቑᖜ࡛ࡁࡿࡇ࡜ࡀ☜ㄆࡉࢀ࡚࠸ࡿࠋ
࠾ࡑࡽࡃࠊᕷ㈍࢟ࣀࢥ࡟⏤᮶ࡍࡿ 3&5 ཯ᛂ㜼ᐖ≀㉁ࡢᙳ㡪࡜ᛮࢃࢀࡿࠋ ᗘࢧ࢖ࢡࣝ࡟せࡍࡿ᫬
㛫ࡣࠊ7DTSRO\PHUDVHࠊ.2');1HR ඹ࡟⣙  ᫬㛫ࡔࡗࡓࠋ.2');1HR ࡛ࡢᐇ㦂᫬㛫▷⦰ࡢࡓࡵ
ࢧ࢖ࢡࣝᩘࢆ  ࠿ࡽ  ࡟ῶࡽࡋࡓ࡜ࡇࢁࠊ෌⌧ᛶ࡟ㄢ㢟ࡀ⏕ࡌࡓ㸦ᅗ 㸧ࠋཎᅉ࡜ࡋ࡚ࠊ
3UHGHQDWXUH ࡛ቯࢀࡿ⣽⬊ࡣࡈࡃ୍㒊ࡢࡓࡵࠊ ࢧ࢖ࢡ࡛ࣝࡣ㟁ẼὋື࡛ '1$ ࢆ☜ㄆ࡛ࡁࡿ᭱ᑠ
㝈ࡢቑᖜ࡜ண᝿ࡉࢀࡿࠋࡲࡓࠊࢥࢫࢺ๐ῶࡢࡓࡵ 3&5 ⏝ΰྜᾮࡢᑡᾮ㔞໬ࡶ᳨ウࡋࡓࠋ⤖ᯝ࡜ࡋ
࡚ࠊP/ ࡲ࡛࡞ࡽᾮ㔞ࢆῶࡽࡍࡇ࡜ࡀྍ⬟࡛࠶ࡗࡓ㸦ᅗ 㸧ࠋ


ᅗ㸴 .2');1HR ࢆ౑⏝ࡋࡓࢲ࢖ࣞࢡࢺ 3&5 ࡢ᫬㛫
▷⦰ຠᯝ㸦ࢧ࢖ࢡࣝᩘ 㸧 ձղ㸸࣐࢖ࢱࢣ㸪ճմ㸸
࢚ࣀ࢟ࢱࢣ㸪0㸸ศᏊ㔞࣐࣮࣮࢝㸦ES ࣛࢲ࣮㸧







ᅗ㸵 .2');1HR ࢆ౑⏝ࡋࡓࢲ࢖ࣞࢡࢺ 3&5 ࡢᾮ㔞ῶᑡຠᯝ $3&5 ๓ࡢࢳ࣮ࣗࣈ㸦࢟ࣀࢥࡣ࣐
࢖ࢱࢣࢆ౑⏝㸧㸪%㟁ẼὋື⤖ᯝ ձղճմյ㸸3&5 ᾮ㔞 μ/㸪0㸸ศᏊ㔞࣐
࣮࣮࢝㸦ES ࣛࢲ࣮㸧

䠩 䐟 䐠 䐡 䐢 䐣
10       20       30      40       50(μL)
(A) (B)
各
吥吊ᑠ
∦
䠩 䐟 䐠 䐡 䐢
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             


3&5 ቑᖜ⏘≀ࡢ㓄ิ☜ㄆ
ࢲ࢖ࣞࢡࢺ 3&5 ࡟࡚ቑᖜࡋࡓ '1$ ࡣ⢭〇ࡋࠊࢩ࣮ࢣࣥࢩࣥࢢ࡟ࡼࡾሷᇶ㓄ิࢆỴᐃࠊ㓄ิࢹ࣮
ࢱࢆ࢙࢘ࣈࡢሷᇶ㓄ิࢹ࣮ࢱ࣮࣋ࢫ᳨⣴࡟࠿ࡅࡿࡇ࡜࡟ࡼࡾ✀ࢆ⡆᫆ྠᐃࡍࡿࡇ࡜ࡀ࡛ࡁࡓࠋ୍
౛࡜ࡋ࡚ࠊᕷ㈍࣐࢖ࢱࢣࢆ⏝࠸ࡓࢲ࢖ࣞࢡࢺ 3&5 ࡢቑᖜ⏘≀ࢆ⢭〇ࠊࢩ࣮ࢣࣥࢩࣥࢢࢆ⾜࠸ࠊࢹ
࣮ࢱ࣮࣋ࢫ᳨⣴㸦%/$67㸧ࡋࡓ࡜ࡇࢁࠊ*ULIRODIURQGRVD㸦࣐࢖ࢱࢣࡢᏛྡ㸧ࡢ ⳦ᰴ࡜ ࡢ୍
⮴⋡ࢆ♧ࡋࡓ㸦ᅗ 㸧ࠋၟᴗⓗ࡟⏕⏘ࡉࢀࡿ㣗⏝࢟ࣀࢥࡢከࡃࡣ %DVLGLRP\FRWD㸦ᢸᏊ⳦㛛㸧࡟ᒓ
ࡍࡿࡀࠊศ㢮ⓗ఩⨨௜ࡅࢆぢࡿ࡜࣐࢖ࢱࢣࡣ௚ࡢ࢟ࣀࢥ࡜ᑡࡋ㞳ࢀ࡚࠸ࡿࠋ࢚ࣀ࢟ࢱࢣࠊࣈࢼ
ࢩ࣓ࢪࠊࢩ࢖ࢱࢣࠊ࢚ࣜࣥࢠࠊࢼ࣓ࢥࠊࣄࣛࢱࢣࠊ࣐ࢵࢩ࣮࣒ࣗࣝ࡞࡝ࡣ඲࡚ $JDULFDOHV㸦ࣁࣛ
ࢱࢣ┠㸧࡟ᒓࡋࠊࣄࣛࢱࢣ࡜࢚ࣜࣥࢠࡣඹ࡟ 3OHXURWXV㸦ࣄࣛࢱࢣᒓ㸧࡛࠶ࡿࠋᑐࡋ࡚࣐࢖ࢱࢣ
ࡣࠊ3RO\SRUDOHV㸦ࢱ࣐ࢳࣙࣞ࢖ࢱࢣ┠㸧࡟ᒓࡍࡿ㸦ᅗ 㸧ࠋ≉ᐃࡢ㑇ఏᏊࡢ '1$ 㓄ิ࡟ᇶ࡙ࡃ㐍
໬ⓗ⪃ᐹࢆ⾜࠺ୖ࡛ࡶࠊ࣐࢖ࢱࢣࡣⰋ࠸ᩍᮦࡔ࡜ᛮࢃࢀࡿࠋࡉࡽ࡟ࡇࡢࡼ࠺࡞ὶࢀࡣࠊ3&5 ࢆᛂ
⏝ࡋࡓ⑓ཎᛶᚤ⏕≀ࡢ᳨ᰝࡸၟရ᳜≀ࡢရ✀㚷ᐃࡢసᴗ࡞࡝࡜ඹ㏻ࡋ࡚࠾ࡾࠊࣂ࢖࢜ࢸࢡࣀࣟࢪ
࣮ࡢ▱㆑ྥୖ࡟ᙺ❧ࡘࠋ

     
ᅗ㸶 3&5 ቑᖜ⏘≀ࡢ㓄ิ☜ㄆ࡜⡆᫆ྠᐃ $ࢩ࣮ࢣࣥࢩࣥࢢ⤖ᯝ㸦୍㒊㸧㸪%ࢹ࣮ࢱ࣮࣋ࢫ᳨
⣴⤖ᯝ㸦୍㒊㸧㸪&ᕷ㈍࢟ࣀࢥࡢศ㢮ⓗ఩⨨௜ࡅ

A
theliales
B
oletales
A
garicales
R
ussulales
C
orticiales
G
loeophyllales
Polyporales
Thelephorales
H
ym
enochaetales
(A)
(B)
(C)
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             


ᩍ⫱ᐇ㦂ࣇ࣮ࣟࡢసᡂ
 ௨ୖࡢ᳨ウࢆᇶ࡟ࠊᅗ ࡟♧ࡍᩍ⫱ᐇ㦂ࣇ࣮ࣟ࠾ࡼࡧࢱ࢖࣒ࢸ࣮ࣈࣝࢆసᡂࡋࡓࠋࡲࡎ 3&5 ἲ
࠾ࡼࡧࢲ࢖ࣞࢡࢺ 3&5 ἲ࡟ࡘ࠸࡚Ꮫ⩦ࡋࠊḟ࠸࡛ᕷ㈍࣐࢖ࢱࢣࢆ⏝࠸ࡓࢲ࢖ࣞࢡࢺ 3&5 ᐇ㦂ࢆᐇ
᪋ࡍࡿࠋ3&5 ཯ᛂ୰࡟ࠊᚤ⏕≀࡟㛵ࡍࡿᏛ⩦࡜࢟ࣀࢥࡢ㢧ᚤ㙾ほᐹࢆ⾜࠺ࠋ3&5 ཯ᛂ⤊஢ᚋࠊ㟁Ẽ
Ὃື࡟ࡼࡾቑᖜ '1$ ࢆ᳨ฟࡍࡿࠋὋື࡟⣙  ศ㛫ࢆせࡍࡿࡓࡵࠊᚅࡕ᫬㛫࡟ቑᖜ '1$ ࡢሷᇶ㓄ิ
☜ㄆ࡜ࢹ࣮ࢱ࣮࣋ࢫ᳨⣴ࠊࡍ࡞ࢃࡕࣂ࢖࢜࢖ࣥࣇ࢛࣐ࢸ࢕ࢡࢫࡢᴫせࢆᏛ⩦ࡍࡿࠋ᭱ᚋ࡟ࡲ࡜ࡵ
ࡢ᫬㛫ࢆタࡅ࡚࠸ࡿࠋ≉ูࣉࣟࢢ࣒࡛ࣛ࡞ࡃṇつࡢᤵᴗ࡟཰ࡵࡿࡓࡵ࡟ࡣึࠊ ᅇࢆ 3&5 ཯ᛂࡲ࡛ࠊ
➨஧ᅇࢆ㢧ᚤ㙾ほᐹࡲ࡛ࠊࡑࡋ࡚➨୕ᅇ࡛ቑᖜ '1$ ᳨ฟࢆ⾜࠺ࡇ࡜ࡶ࡛ࡁࡿࠋᩍ⫱ᐇ㦂࡜ࡋ࡚ࡣࠊ
ẚ㍑ⓗవ⿱ࢆᣢࡗ࡚ྲྀ⤌ࡵࡿࡢ࡛ࡣ࡞࠸࠿࡜⪃࠼࡚࠸ࡿࠋ

 
ᅗ㸷 ᩍ⫱ᐇ㦂ࣇ࣮ࣟ࠾ࡼࡧࢱ࢖࣒ࢸ࣮ࣈࣝ

㸲ࡲ࡜ࡵ
 '1$ ࣏࣓࣮ࣜࣛࢮ࡟ .2');1HR ࢆ౑⏝ࡋࠊᐇ㦂ᡭ㡰ࡢ᳨ウࢆ⾜࠺ࡇ࡜࡛ࠊᩍ⫱ᐇ㦂ࢆ┠ⓗ࡜ࡋ
ࡓ࢟ࣀ࣭ࢥ ࢲ࢖ࣞࢡࢺ 3&5 ࡀྍ⬟࡟࡞ࡗࡓࠋᐇ㦂ࡢ෌⌧ᛶ࠾ࡼࡧࢧࣥࣉࣝ᥇ྲྀࡢᐜ᫆ࡉ࡞࡝࠿ࡽࠊ
࣐࢖ࢱࢣࡀᩍᮦ࡜ࡋ࡚㐺ᙜ࡛࠶ࡿࠋᮏ◊✲ࡢᩍ⫱ᐇ㦂ࢆ㏻ࡋ࡚ࠊ3&5 ࡟㛵ࡍࡿᢏ⬟ࡸ⏘ᴗᛂ⏝࡬
ࡢ⌮ゎࡢ῝ࡲࡾࡀᮇᚅ࡛ࡁࡿࠋἼཬຠᯝ࡜ࡋ࡚ࠊᚤ⏕≀ࡸࣂ࢖࢜ࢸࢡࣀࣟࢪ࣮࡟㛵ࡍࡿ⌮ゎࢆ῝
ࡵࡿࡇ࡜ࡶ࡛ࡁࡿࠋࡲࡓࠊᮏ◊✲ࡢ࢟ࣀࢥ࣭ࢲ࢖ࣞࢡࢺ 3&5 ἲࡀࡉࡽ࡟ᨵⰋࡉࢀࢀࡤࠊᩍ⫱ศ㔝
ࡢࡳ࡞ࡽࡎࠊ㣗ရ◊✲࣭ศᯒࡢศ㔝࡛ࡶᛂ⏝ྍ⬟࡜⪃࠼࡚࠸ࡿࠋ
 ௒ᚋࡢㄢ㢟ࡣࠊᐇ㦂ࡢࢥࢫࢺࢲ࢘ࣥ࡜ᐇ㦂᫬㛫ࡢࡉࡽ࡞ࡿ▷⦰࡛࠶ࡿࠋ࡞࠿࡛ࡶ㧗౯࡞ࢧ࣮࣐
ࣝࢧ࢖ࢡ࣮ࣛࡢ౑⏝ࡣࢿࢵࢡࡔࡀࠊᩍ⫱ᐇ㦂࡟࠾࠸࡚ ᗘࢧ࢖ࢡࣝࢆᡭື࡛⾜࠺࣐ࢽࣗ࢔ࣝ 3&5
ࡀ᪤࡟ሗ࿌ࡉࢀ࡚࠸ࡿࠋࡲࡓࠊ ෇ࢩࣙࢵࣉရ➼࠿ࡽࡢᏳ౯࡞⮬స㟁ẼὋື⿦⨨ࡶሗ࿌ࡉࢀ
࡚࠸ࡿࠋࡉࡽ࡟ࠊ᫖௒ࡢࣂ࢖࢜ࣁࢵ࣮࢝᫬௦ࡢ฿᮶࡛ࠊࡍ࡛࡟ࢧ࣮࣐ࣝࢧ࢖ࢡ࣮ࣛ࡞࡝ᐇ㦂
⿦⨨ࡶᴟࡵ࡚Ᏻ౯࡞ࡶࡢࡀ㈍኎ࡉࢀ࡚࠸ࡿࠋ㑇ఏᏊ᧯స࡟㛵ࡍࡿᐇ㦂ࡀ⮬Ꮿࡢ࢟ࢵࢳࣥ࡟࡚Ᏻ౯
࡟⾜࠼ࡿ⎔ቃ࡜࡞ࢀࡤࠊᐇ㦂ࢥࢫࢺࡢၥ㢟ࡣ᫬㛫ࡀゎỴࡋ࡚ࡃࢀࡿࡔࢁ࠺ࠋ
 ࡞࠾ᮏ◊✲ෆᐜࡢ኱➽ࡣࠊ ᖺ  ᭶ࡢ᪥ᮏ⏕≀ᩍ⫱Ꮫ఍➨  ᅇ኱఍࡟࡚Ⓨ⾲ࡋࡓࠋᮏᏛ
0                     30                   60                    90                   120                 150 (ศ)
DNAቑᖜᐇ㦂Ꮫ⩦䝎䜲䝺䜽䝖䠬䠟䠮
䝎䜲䝺䜽䝖PCR཯ᛂ
䜻䝜䝁ᑠ∦᥇ྲྀ
DNA᳨ฟ䠄㟁ẼὋື䠅
ᚤ⏕≀Ꮫ⩦
䝞䜲䜸䜲䞁䝣䜷䝬䝔䜱䜽䝇Ꮫ⩦
PCRᏛ⩦
䜻䝜䝁㢧ᚤ㙾ほᐹ 䠄䜻䝜䝁ᇵ㣴䠅
ˮႻࠀ᫋ࣇᦟ ⇟∄∞⇮⇻⇏∙᫋ࣇᦟ
⁋‿݊ټؔעؔ᫱
DNA᳨ฟᐇ㦂 䜎䛸䜑
ᚤ⏕≀䛭䛾௚ ほᐹᐇ㦂Ꮫ⩦ Ꮫ⩦
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